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L. EXECUTIVE SUMMARY
Overview

Only the Los Angeles and Houston regions have air pollution levels that rival those in the
San Joaquin Valley (SJV). Historical and current air quality levels for ozone and fine particles
(PM35) in the San Joaquin Valley (SJV) are unhealthful. The air basin is classified by the U. S.
Environmental Protection Agency (EPA) as a serious nonattainment area for both ozone and
PM;5s.

Both the federal government and California have set health-based air quality standards
for ozone and fine particles because there is wide concurrence that these pollutants pose a serious
risk to health. Adverse effects clearly associated with ozone range from school absences and
hospitalizations to symptoms that limit normal daily activity. PM,s exposure is tied to a range
of effects from premature death and the onset of chronic bronchitis to work loss days and
respiratory symptoms.

Between 1990 and 2004 ambient ozone levels in the San Joaquin Valley exceeded the
health-based 8-hour National Ambient Air Quality Standard (NAAQS) on from more than 80 to
nearly 135 days a year. Ozone levels are typically elevated in the summer months, so this
suggests that air is unhealthful on most summer days. Not only is the NAAQS frequently
violated, but between 2001 and 2004 the maximum 8-hour concentration was 65% above the
standard. In much of California ozone levels have fallen steadily over a period of years, but this
is not the case in the SJV, which is a concern.

While the region has achieved reductions in coarser particle (PM() levels, concentrations
of the more dangerous fine particles - PM,s- remain unhealthful. To meet the maximum 24-
hour standard levels must fall by more than 10%, and annual average concentrations must fall by
nearly 30%. Attaining the California standard (CAAQS) requires a drop of 50%. These health-
based standards will be very difficult to achieve in the SJV.

The primary objective of this study is to assess the health and related economic benefits
that will result from attainment of the ozone and PM; s standards, to the extent that they can be
quantified.

Results

Valley-wide, the economic benefits of meeting the federal PM; 5 and ozone standards
average nearly $1,000 per person per year, or a total of more than $3 billion. This gain
represents the following:

e 460 fewer premature deaths among those age 30 and older
e 325 fewer new cases of chronic bronchitis

e 188,400 fewer days of reduced activity in adults

e 260 fewer hospital admissions

e 23,300 fewer asthma attacks



188,000 fewer days of school absence

3,230 fewer cases of acute bronchitis in children

3,000 fewer work loss days

More than 17,000 fewer days of respiratory symptoms in children

To place the reduction in premature deaths in perspective, attaining the federal PM; s
standard would be the equivalent of reducing motor vehicle deaths by over 60% Valley-wide,
and by more than 70% in Fresno and Kern Counties.

Research Approach

A well-established three-stage approach is used to determine the benefits of attaining the
ozone and PM; s air quality standards by identifying and quantifying the links between air
quality and exposure, exposure and ill health, and avoiding ill health and the associated
economic loss.

The Regional Human Exposure Model (REHEX) was developed to estimate a
population’s exposure to concentrations above the air quality standards. This model accounts for
the spatial and temporal pollution patterns across a region, which is important because pollution
patterns vary significantly across a large area. Exposure for the population in the SJV is
estimated by 5X5 kilometer grids relative to pollution levels averaged from 2002-2004.
Averaging is necessary to reduce the influence of weather anomalies that do not accurately
represent longer term trends in air quality. REHEX generates estimates of exposure by county,
by age, and by ethnic group as defined by the U.S. Bureau of the Census. These exposure
estimates are then coupled with concentration-response functions from the health science
literature to calculate how many fewer adverse health effects and premature deaths would be
expected if the 2004 population instantaneously experienced attainment of the NAAQS.

Finally, economic values are applied to the avoided health effects and extended lives to
estimate in dollar terms the social value of more healthful air. These values are based on the cost
of treating illness and the expressed value that people place on avoiding illness and premature
death.

Implications

Residents of the San Joaquin Valley face significant public health risks from the present
unhealthful levels of ozone and fine particles. This is in addition to other health challenges,
including a high rate of poverty, which exceeds 30% in Fresno County, compared to a statewide
rate below 20%. The region overall would experience substantial economic and health gains
from effective policies to reduce pollution levels. For the more populous and more polluted
areas in Kern and Fresno Counties, this is even more pronounced. Attaining the California air
quality standards, which are more protective of health, would double the benefits listed above.

The adverse impacts of air pollution are not distributed equally. Both Hispanics and non-
Hispanic blacks are exposed to more days when the health-based standards are violated.



Residents of Fresno and Kern Counties experience many more days than the Valley-wide
average.

Because ozone is elevated during the summer months, and the PM; s 24-hr standard is
typically violated more frequently in the winter months, there is no “clean” season in this region.

As the population continues to increase, with associated increases in vehicle traffic and
economic activity, the gains from attaining the health-based air quality standards will grow, but
also become more difficult to achieve. Identifying and acting on opportunities now would
produce substantial gains to the people of the Valley.



I1. INTRODUCTION
II.1  Background

Only the Los Angeles and Houston regions have air pollution levels that rival those in the
San Joaquin Valley (SJV). Historical and current air quality levels for ozone and fine particles
(PM35) in the SJV are unhealthful. The air basin is classified by the U. S. Environmental
Protection Agency (EPA) as a serious nonattainment area for both ozone and PM, s .

Both the federal government and California have set health-based air quality standards
for ozone and fine particles (PM, s ) because there is wide concurrence that these pollutants pose
a serious risk to health. Adverse effects clearly associated with ozone range from school
absences and hospitalizations to symptoms that limit normal daily activity. PM, s exposure is
tied to a range of effects from premature death and the onset of chronic bronchitis to work loss
days and respiratory symptoms.

Between 1990 and 2004 ambient ozone levels in the San Joaquin Valley exceeded the
health-based 8-hour National Ambient Air Quality Standard (NAAQS) on from more than 80 to
nearly 135 days a year. Ozone levels are typically elevated in the summer months, so this
suggests that air is unhealthful on most summer days. Not only is the NAAQS frequently
violated, but between 2001 and 2004 the maximum 8-hour concentration was 65% above the
standard. In much of California ozone levels have fallen steadily over a period of years, but this
is not the case in the SJV, which is a concern.

While the region has achieved reductions in coarser particle (PM() levels, concentrations
of the more dangerous fine particles - PM,s- remain unhealthful. To meet the maximum 24-
hour standard levels must fall by more than 10%, and annual average concentrations must fall by
nearly 30%. Attaining the California standard (CAAQS) requires a drop of 50%. These health-
based standards will be very difficult to achieve in the SJV.

II.2  Objectives of this Study

The primary objective of this study is to assess the health and related economic benefits
that will result from attainment of the ozone and PM; s standards, to the extent that they can be
quantified with present knowledge. The gains from attaining both the federal and state standards
are estimated, although it is generally recognized that attaining the state standards will be
especially difficult in some parts of the STV

II. 3 Overview of the Research Approach

A well-established three-stage approach is used to determine the benefits of attaining the
ozone and PM; s air quality standards by identifying and quantifying the links between air
quality and exposure, exposure and ill health, and avoiding ill health and the associated
economic loss.

! Because attainment of the NAAQS is therefore the more policy-relevant outcome over the next decade, the
California results are included in the Appendix while the Federal results are discussed in the body of this report.
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The Regional Human Exposure Model (REHEX) was initially developed in 1989 to
estimate a population’s exposure to concentrations above the air quality standards. This model
accounts for the spatial and temporal pollution patterns across a region, which is important
because pollution patterns vary significantly across a large area. Here, exposure for the
population in the SJV is estimated by 5X5 kilometer grids relative to pollution levels averaged
from 2002-2004. Averaging is necessary to reduce the influence of weather anomalies that do
not accurately represent longer term trends in air quality. REHEX generates estimates of
exposure by county, by age, and by ethnic group as defined by the U.S. Bureau of the Census.
These exposure estimates are then coupled with concentration-response functions from the health
science literature to calculate how many fewer adverse health effects and premature deaths
would be expected if the 2004 population instantaneously experienced attainment of the NAAQS
and the CAAQS.

Finally, economic values are applied to the avoided health effects and extended lives to
estimate in dollar terms the social value of more healthful air. Specific values are derived from
the economics literature and have all undergone peer-review, both as part of that literature and as
part of scientific and technical assessments of which values are most appropriate for valuing
health in relation to air pollution exposure.



III. POPULATION EXPOSURE TO OZONE AND PARTICULATE MATTER
III.L1 The Exposure Assessment Approach

Accurate estimates of human exposure to inhaled air pollutants are necessary for
appraisal of the health risks these pollutants pose and for the design and implementation of
strategies to control and limit those risks. Most exposure estimates are based on measured
concentrations of outdoor (ambient) air concentrations obtained at fixed-site air monitoring
stations. Ambient concentrations are used as surrogates for personal exposure. Personal
exposure to air pollutants depends not only on ambient concentrations in locations or
microenvironments (home, work, schools, vehicles, etc.) where individuals spend time, but also
on the amount of time individuals spend in the microenvironments and on the concentrations in
the microenvironments. Microenvironment concentrations are affected not only by infiltration of
outdoor air, but also by indoor sources and indoor pollutant deposition. Outdoor concentrations
vary spatially and temporally and are affected by proximity to local outdoor sources, which may
result in concentrations that deviate significantly from ambient concentrations at the nearest air
monitoring stations.

Despite the recognized discrepancies between personal exposure and exposures based on
ambient concentrations obtained from fixed-site air monitoring stations, compliance with the
National Ambient Air Quality Standards (NAAQS) depends exclusively on outdoor
measurements of pollutants. The NAAQS are intended to protect public health with an adequate
margin of safety. Most epidemiologic studies of air pollution health effects use ambient
concentrations as surrogates for actual population exposures. In fact, virtually all concentration-
response relationships from large population studies use ambient concentrations as the exposure
input parameter. Several studies have argued that air pollution exposure should be separated into
ambient and non-ambient components for health effects research because even though ambient
concentrations are not highly correlated with personal exposures to non-ambient concentrations
or total concentrations, they are highly correlated with ambient-generated concentrations (Wilson
et al. 2000; Ebelt et al. 2003). Therefore, ambient concentrations may be used in epidemiologic
studies as appropriate surrogates for exposure to ambient-generated concentrations.

The exposure assessment approach for this study is constrained to rely on ambient
concentrations not only because the ambient air quality database is the only database with
sufficient spatial and temporal coverage to address the San Joaquin Valley Air Basin (SJVAB)
population, but also because this study requires quantification of the benefits of attainment of the
ambient-based NAAQS and must rely on the ambient-based concentration-response relationships
from the health science literature to quantify those benefits. The approach is also guided by the
concern for spatial resolution of both the population and ambient concentrations.

The population exposure assessment approach used for this study involves representing
the population and ambient concentrations on a spatial grid covering the SJVAB. Each grid
square is 5 km x 5 km in size. Five-kilometer resolution is sufficient to capture the urban- and
regional-scale spatial gradients in between air quality monitoring stations, which are located
from 10 to 50 km apart in the SJVAB. This resolution is insufficient to capture intra-urban
spatial variations associated with close proximity to major roadways or stationary emission
sources. Spatially and temporally resolved air quality and population data are used in the
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Regional Human Exposure (REHEX) model (Lurmann et al. 1989; Lurmann et al. 1994; Fruin et
al. 2001) to quantify the frequency of population exposure to various levels of ambient ozone
and particulate matter concentrations over multi-year periods.

III.2  Population

We developed gridded population data for use in the exposure assessment for eight age
groups: < 1 year, 1 year, 2-4 years, 5-17 years, 18-21 years, 22-29 years, 30-64 years, and > 64
years, and four racial groups: white non-Hispanic, black non-Hispanic, other non-Hispanic, and
Hispanic. The age groups were defined by the concentration-response relationships chosen for
use in the benefits evaluation. Racial groups were defined by the U.S. Census. Not all the
population data breakdowns by age and race were available at fine resolution in the 2000 U.S.
Census database. County, census tract, and block-group levels of population data were used in
determining the disaggregated block-group population data. County-level age distribution data
were used to estimate the block-group population of children ages < 1, 1, and 2-4 years by racial
group. Census-tract level data were used to estimate the block-group population of other age
groups for black non-Hispanic and other non-Hispanic groups. Block-group data were used
directly for the other age groups for white non-Hispanics and Hispanics. The block-group
population data for each age-racial group were spatially allocated to 5 km x 5 km grid squares
assuming uniform population density within each block group. The spatial allocation was
performed with STI’s GIS tools (ESRI ARCGIS Version 9.0). Grids on the boundaries between
counties were assigned to the county with the most surface area within the grid.

The modeling grid and gridded 2000 total population data are shown in Figure I1I-1.
These data show that high population densities (> 1,200 km™) occur in the major cities, such as
Lodi, Stockton, Modesto, Turlock, Fresno, Visalia, and Bakersfield, as expected. A total of
1,708 grids located within the SJVAB were used for assessing exposure. Grid squares with
extremely low population density (below 1 person per km™ or 25 persons per grid) were not
included; they were large in number of grids but accounted for less than 1% of the total
population in the aggregate.

The baseline period selected for exposure assessment was 2002 through 2004 (see
Section I11.3). Population data for 2000 were projected to 2004 to be consistent with the baseline
period for air quality data. County-specific growth rates based on the growth from 1990 to 2000
(as reported in the U.S. Census (www.censuscope.org)) were used to scale up the 2000 data to
represent the 2004 population. Within each county, the population of all age and racial groups
was scaled uniformly. The 2004 populations were estimated as 6.6, 7.8, 6.9, 14.3, 7.5, 10.2, 6.8,
and 8.2% higher than the 2000 populations for San Joaquin, Stanislaus, Merced, Madera, Fresno,
Kings, Tulare, and Kern Counties, respectively. The estimated total population in the region is
3.34 million persons in 2004. As shown in Table III-1, about 25% of the residents live in Fresno
County and another 35% lived in San Joaquin and Kern Counties. Adults, ages 30 to 64 years,
are the largest age group (41%), followed by children ages 5 to 17 (23.5%). Likewise, as shown
in Table III-2, whites and Hispanics are the largest racial/ethnic groups.

The SJIVAB is experiencing high population growth; however, we have not included the
likely population growth beyond 2004 in our estimates of the benefits of attaining air quality
standards in the future. This approach is conservative in that it results in underestimation of the
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likely benefits and avoids having to specify when the region will actually reach its air quality
goals. Because the population is growing at about 2% per year, the benefits are likely to be 16%
to 20% greater than estimated if attainment is achieved in 8 to 10 years.

Estimates of the population of children attending school were also needed to determine
the benefits of reduced school absences associated with air quality improvements. Public school
enrollment and schedules for the 2005-2006 school year were obtained from SJVAB school
districts. They indicated that 83.5% and 16.5% of public school children attended schools on
traditional and year-round schedules, respectively. The majority of traditional school schedules
extended for 92 months, from mid-August through May. Additional attendance data indicated
that 4% of children, ages 5-17 years, attended private schools. We did not have private school
schedules or information on summer school attendance for public or private schools. Because
private school attendance was low, no distinction was made between the schedules of public and
private school students. Ten percent of traditional-schedule school children were assumed to
attend summer school, which is a low estimate based on our analysis of data for Southern
California (Hall et al. 2003). The population of children, ages 5-17 years, attending school in the
non-summer period (mid-August through May) was estimated at 96.6% based on the sum of
children in schools with traditional schedules (83.5%) and year-round schedules (9% /12 x
16.5%=13.1%). The population of children, ages 5-17 years, attending school in the summer
period (June through mid-August) was estimated at 21.4% based on the sum of children in
schools with year-round schedules (13.1%) and children with traditional school schedules who
were attending summer school (8.3%).
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Table I11-1

. 2004 SJIVAB population by county and age group.

. <1 2-4 517 18-21 | 22-29 30-64 >64
Region Year 1 Year Years Years Years Years Years Years All Ages
San Joaquin | ¢ 531 1 9711 | 27796 | 130408 | 35154 | 59283 | 242360 | 61762 | 574,005
County
Stanislaus 6,888 | 7,174 | 22,569 | 107,166 | 27,466 | 49,096 196,460 | 49,545 | 466,364
County
Merced 3,695 | 3,766 | 12,084 | 56,898 | 13,956 | 23,726 87,393 | 21,100 | 222,627
County
Madera 2213 | 2,368 7,458 | 34,300 8,902 | 16,663 69,805 17,348 159,057
County
Fresno 13,284 | 13,433 | 41,667 | 191,295 | 54,309 | 94,551 322,881 81,231 812,651
County
Kings 2,136 | 2,155| 6,525 | 28,336 8,921 | 19,533 59,417 10,211 137,234
County
Tulare
6,706 | 6,538 | 20,750 | 95226 | 24,841 | 42,301 150,254 | 37,576 | 384,192
County
Kern County | 9,979 | 10,045 | 30,830 | 140,112 | 36,682 | 68,071 | 238230 | 50,337 | 584,286
Air Basin 53,432 | 54,190 | 169,679 | 783,741 | 210,231 | 373,224 | 1,366,800 | 329,119 | 3,340,416
(Persons)
Air Basin 1.6% | 1.6% | 51% | 235% | 63% | 112% | 40.9% 9.9% 100%
(Percent)
Table I1I-2. 2004 SJVAB population by county and racial/ethnic groups.
. o a . . a Total Total
Region White Black Hispanic Other (Persons) (Percent)
San Joaquin County 279,855 38,694 182,293 73,163 574,005 17.2%
Stanislaus County 277,637 11,506 151,213 26,008 466,364 14%
Merced County 93,073 8,264 104,208 17,082 222,627 6.7%
Madera County 80,534 6,125 66,249 6,148 159,057 4.8%
Fresno County 324,342 42,887 370,591 74,831 812,651 24.3%
Kings County 58,828 10,991 61,403 6,012 137,234 4.1%
Tulare County 163,320 5,459 199,331 16,082 384,192 11.5%
Kern County 265,643 35,044 256,831 26,769 584,286 17.5%
Air Basin (persons) 1,543,201 158,968 1,392,180 246,066 3,340,416 100%
Air Basin (percent) 46.2% 4.8% 41.7% 7.4% 100%

? Non-Hispanic whites, blacks and other.
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III.3 Current Ambient Air Quality

IT1.3.1 Current Conditions Relative to the Air Quality Standards

Historical and current ambient air quality conditions for ozone and particulate matter in
the STVAB are unhealthful. Concentrations exceed the health-based NAAQS and the more
stringent California Ambient Air Quality Standards (CAAQS). The SJVAB is classified as a
serious nonattainment area by the U.S. Environmental Protection Agency (EPA) for ozone and
PM, 5. The most relevant NAAQS for ozone is the 8-hour daily maximum standard of 0.08 parts
per million (ppm) or 80 parts per billion (ppb). It has essentially replaced the 1-hour daily
maximum ozone standard of 0.12 ppm, which is less stringent” in the STVAB. Federal standards
exist for maximum 24-hour average and annual average PM, s and PM,. The 65 pg/m’ 24-hour
PM, s standard and 15 pg/m’ annual PM, 5 standard are generally more stringent than the 150
pg/m’ 24-hour PM standard and 50 pg/m’ annual PM;, standard. The STVAB will reach
federal attainment when the more stringent federal standards are reached. Thus, this study
focuses on the 8-hour ozone standard and the 24-hour and annual average PM, s standards.
Compliance with the California standards (a 70 ppb 8-hour daily maximum ozone and a 12
pg/m’ annual average PM, s standard) is addressed in the appendix.

The frequency and severity of exceedances of the 8-hour daily maximum ozone standard
are illustrated in Figures I1I-2 and III-3. The SJVAB measurement data show that the ambient
concentrations exceeded the level of the standard on 82 to 134 days per year between 1990 and
2004. This high frequency indicates that most days during the summer were ozone exceedance
days. Unlike other parts of California, the frequency of exceedances is not declining with time in
the SJVAB, which is a concern for residents and government agencies. During the 2001-2004
time period, the maximum 8-hour concentration was 132 ppb or 65% above the level of the
standard. The highest 8-hour concentrations occur most frequently southeast of Bakersfield at
the Arvin air monitoring station. Similarly high concentrations can occur downwind of Fresno.
The 8-hour NAAQS is achieved when the three-year average of the annual fourth-highest
concentration is below the level of the standard. The three-year average of the annual fourth-
highest concentration was 116 ppb for 2002-2004 and 113 ppb for 2003-2005. This value is
referred to as the ozone design value for the baseline period. We chose to use 2002-2004 for our
baseline period because we wanted to use the same period for ozone and PM; 5, and annual PM; 5
data for 2005 were not available when we initiated this study. Thus, attainment of the 8-hour
NAAQS is expected when the annual fourth-highest concentration is reduced from 116 ppb to
84.99 ppb. Note, 84.99 ppb is used instead of 80 ppb because of agency guidance on rounding
concentrations for compliance with the “0.08 ppm” standard. Attainment of the ozone standard
requires a 27% decrease in the design value. However, because there is a global background
concentration of about 40 ppb, the required reduction in ozone in excess of the background level
is 41% to reach attainment.

Even though the region achieved compliance with the PM;o NAAQS in the 2003-2005
time period, PM, s air quality conditions remain unhealthful. Figure ITI-4 shows the 98"
percentile 24-hour average and the annual average PM; 5 concentration in 2002-2004 at key

? Here, stringent means more limiting in terms of the difficulty of attainment.
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monitoring stations. The highest 24-hour average PM, 5 concentration in 2002 was 91 pg/m’ at
Corcoran, which is 40% above the level of the standard. The highest annual average
concentration in 2002 was 24 pg/m’ in Bakersfield at the Golden State Highway air monitoring
station, where the 24-hour maximum was also high (85 pg/m’). High PM, s concentrations were
also observed in the middle portion of the SIVAB as indicated by the data for Fresno, Visalia,
and Corcoran. High 24-hour concentrations tend to occur in the fall and winter in this area. Like
the ozone standard, the PM; s standards are based on three-year periods. The annual PM; s
NAAQS is achieved when the three-year averaged annual mean PM; s concentration is less than
or equal to 15 pg/m’. The 24-hour PM, 5 standard is achieved when the three-year average of the
annual 98" percentile values at each PM, s monitoring site is less than or equal to 65 pg/m’. The
PM, 5 design values are 20.6 and 73.2 pg/m’ for the annual average and 24-hour standards,
respectively. The design values are based on data from Bakersfield for the 2002-2004 baseline
period. It should be noted that EPA’s PM; 5 attainment document suggests a lower 24-hour
design value for this area, but we believe that 73.2 pg/m’ is the correct value because it is based
on the exact same data that were used to determine the 20.6 pg/m’ annual average (also cited by
EPA). The current design values indicate that maximum 24-hour and annual averages need to
decrease by 11% and 27% to achieve compliance with the federal standards. The San Joaquin
Valley Air Pollution Control Agency is charged with developing an air quality management plan
by 2008 that will result in attainment of the PM, s NAAQS by 2013.

California has an annual average PM, s standard of 12 pg/m’, never to be exceeded.
Compliance with this standard would require the 2002 annual concentration of 24 pg/m’ in
Bakersfield be reduced by 50%. This health-based standard will be very difficult to achieve in
the SJVAB.

I11.3.2 Spatial Mapping

Ambient air quality data from California’s network of monitoring stations were used to
spatially map concentrations to the exposure grids. Measured concentration data were spatially
interpolated and extrapolated to provide estimates of concentrations at each grid shown in
Figure III-1. The locations of air monitoring stations on the exposure grid are shown in
Figure III-5. For the 2002-2004 baseline period, hourly ozone data were available for 27 stations
within the SJTVAB and daily PM; 5 data were available once every three days for 14 stations
within the SJTVAB. Ozone and PM, 5 data from stations within the grid and within 150 km of the
grid boundaries were incorporated in the air quality database used for mapping. The ozone data
were used to create maps of hourly concentrations for each day of the baseline period
(1,096 days and 26,304 maps). Daily PM, s data collected using the Federal Reference Method
(FRM) were available on an every-day basis at several sites and on an every-third-day sampling
schedule at many more sites. Spatial mapping was not feasible using data only from sites with
every-day sampling. The spatial mapping of daily PM, 5 concentrations was performed using the
FRM data on days when the every-third-day data were available in addition to the every-day data
(~116 days per year). Annual average PM, 5 concentrations were calculated from the FRM data
using EPA’s methodology (i.e., annual average = average of quarterly averages) and mapped for
each year.
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The spatial mapping method assigns exposure grid concentrations from the nearest
station if the station is located within 3 km of the center of the exposure grid. If no stations with
valid data are located with 3 km of the center of the exposure grid, the concentration is calculated
by inverse-distance squared weighting of the concentrations from the four stations closest to the
center of the exposure grid, provided all stations are located within 100 km of the exposure grid
center. In areas with sparse network coverage, the algorithm may be applied with fewer than
four stations (i.e., one to three stations). This method is very similar to the method used by EPA
on its AIRNow web site (www.epa.gov/airnow) for mapping air quality indices. Examples of
the maps created with this method are shown in Figure I1I-6. They show the spatially mapped
annual average PM; s concentrations for 2002, 2003, and 2004. The annual PM; 5 concentrations
are estimated to vary smoothly across the region, with higher concentrations in the southern
regions and in the urban areas. The maps of daily PM; 5 and hourly ozone maps often have more
spatial variability than these examples because they reflect the day-to-day variations in
meteorological conditions that greatly influence the spatial patterns. The ozone maps also reflect
the greater spatial coverage of monitoring station data for ozone than for PM; s.

II1.4 Future Ambient Air Quality

For purposes of this exposure analysis, we are interested in the spatial and temporal
distribution of ambient concentrations for a three-year period in which the air quality standard is
attained. Attainment of the standard means that the design value is reduced to the level of the
standard. Two methods are available to estimate future-year air quality conditions. One method
involved the application of detailed meteorological, emissions, and air quality models to estimate
the distributions of future concentrations under specific emission scenarios. Such models are
used to develop emission control strategies to reach attainment in the air quality plans.
Typically, the detailed models are applied for relatively short periods (less than two weeks per
episode) rather than multi-year periods. The resources (time and budget) required to apply this
method for a three-year period in the STVAB are far greater than available for this study; hence,
this method is not feasible for the present study.

The second method involves the application of the simple linear rollback model shown
below.

lf Cf)’/atse 2 CBkgrd (1)

CStd - CBkgrd j

Future __ Base
nyt - CBkgrd + (nyt CBkgrd ) C C
Max ~ Bkgrd

Future __ Base : Base
nyt - nyt lf nyt < CBkgrd (2)
where C,;"" = the future concentration at location x,y, and time ¢,

C fv‘j‘” = the baseline period concentration at location x,y, and time ¢,

Cairgra = the background concentration,
Cumax = the design value concentration, and
Csiw = the air quality standard threshold concentration.
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This method assumes that future changes in concentrations in excess of the background
concentration will linearly track changes in the current or baseline maximum concentration
(minus the background concentration). It assumes that concentrations in excess of the
background concentration with attainment will be linearly reduced in proportion to the ratio of
the standard (adjusted for background) to the design value (also adjusted for background).
Concentrations at or below the background level are assumed to be unaffected by changes in
emissions. The rollback model is a very simple air quality model that ignores much of the
detailed knowledge of the atmospheric chemistry and physics that influence concentrations, yet it
is probably the most suitable model when the specific emission control measures needed to reach
attainment in a region are not yet identified. The reason is that attainment can be achieved with
different sets of control measures that will produce different spatial and temporal patterns of
concentrations; and without knowledge of the specific path to attainment in the STVAB, it is best
to keep the projection method as simple as possible.

The parameters used to project the distributions of concentrations with attainment are
shown in Table III-3. They project that future ozone levels in excess of the background would
be 59% of current levels. Similarly, the future 24-hour and annual PM; s concentrations in
excess of the background are estimated as 89% and 65% of current levels. These factors are
applied to the spatially mapped baseline-period concentrations to generate the future-year spatial
maps of concentrations for the same time period (three years).

Table III-3. Parameters used to estimate ambient ozone and PM, s concentrations with

attainment.
Pollutant/Parameter Design Value é;tva;ilment giﬁig;ﬁin
Ozone 8-hour daily Maximum NAAQS 116.7 ppb 84.99 ppb 40 ppb
Ozone 8-hour daily Maximum CAAQS 132.5 ppb 74.99 ppb 40 ppb
PM, 5 24-hour Average NAAQS 73.2 pg/m’ 65.49 pg/m’ 6 pg/m’
PM, 5 Annual Average NAAQS 20.6 pg/m’ 15.49 pg/m’ 6 pg/m’
PM, s Annual Average CAAQS 24.1 pg/m’ 12.49 pg/m’ 6 pg/m’

III.S Current and Future Population Exposure Estimates

The REHEX model was applied using population and air quality data for the STVAB to
estimate the population exposure to ozone and PM; s in the baseline period and the future with
attainment. The population exposure to air pollution was quantified not only in terms of the
exposure metrics relevant to the air quality standards, but also in terms of the exposure metrics
used in the concentration-response relationships reported in the health science literature. The
exposure metrics for ozone include the 1-hour daily maximum, the 2-week average 1-hour daily
maximum, the 5-hour daily maximum, the 8-hour daily maximum, and the 24-hour average
concentrations. Certain concentration-response relationships use 8-hour 10 a.m. to 6 p.m. ozone
rather than 8-hour daily maximum ozone; the two metrics are almost indistinguishable in the
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SJIVAB. The exposure metrics for PM; 5 include the 24-hour average concentration and the
annual average concentrations.

Most of the concentration-response relationships used in this study apply to all days of
the year. The school-absence concentration-response relationship applies to exposures on the
day preceding the school absence. For this analysis, exposures occurring on Fridays and
Saturdays were excluded as well as the day preceding each holiday.

I11.5.1 Exposure Frequency Distributions

The overall frequency distributions of daily exposure for the STVAB population are
shown in Figures I1I-7 through II-12. The total number of person-days of exposure is large for
this region and time period, 1.2 billion per year (3.34 million x 365 days), so the distributions are
presented on a logarithmic scale. The figures show the number of person-days of exposures per
year to concentrations above various concentration thresholds. They illustrate a four to five
order of magnitude difference between the person-days of exposure to the highest levels
observed in the SJVAB and the person-days of exposure to levels above the background
concentrations. Figure I11-13 shows the estimated number of persons exposed to annual average
PM, 5 concentrations above various concentration thresholds in the SJVAB. The daily and
annual distributions show large differences in the frequency of exposure between the baseline
and NAAQS attainment scenario.

I11.5.2 Spatial Distributions of Exposure

The estimated spatial distribution of exposure to ozone concentrations above 100, 85, and
70 ppb are shown in Figure III-14 through III-16. They show that the highest number of person-
days of exposure occur in and around Bakersfield, Fresno, Visalia, Merced, and Turlock in the
2002-2004 period. The size of the region with more than 300,000 person-days of exposure per
year per grid greatly increases as the exposure concentration threshold increases from 70 to
85 ppb and from 85 to 100 ppb. The maps also show a dramatic decrease in estimated exposures
above 85 ppb under the 8-hour ozone NAAQS attainment scenario. No exposures above 85 ppb
are estimated for most of the SJVAB with attainment; only residents in and around Fresno, and
downwind of Bakersfield are estimated to have about one day of exposure per year above the
statistically based 8-hour NAAQS threshold of 85 ppb with attainment.

Maps of the estimated population exposure to 24-hour average PM, s concentrations
above 65 and 40 pg/m’ are shown in Figures I1I-17 and I1I-18. The 40 pg/m’ threshold is used
here because it is the daily PM; s threshold for sensitive groups. The maps show that the number
of exposures above 40 and 65 pg/m’ in Bakersfield, Fresno, Visalia, and Modesto are higher
than elsewhere. Residents in these urban areas are estimated to have one or two days per year of
exposure to PM, 5 concentrations above 65 pg/m’ with attainment of the 24-hour NAAQS.

The spatial distributions of population exposures to annual average PM, s concentrations
above 18, 15, and 12 pg/m’ are shown in Figure I1I-19 through I1I-21, respectively. The number
of residents estimated to be exposed to annual average PM, s concentrations above 15 pg/m’ is
greater in Fresno, Visalia, and Bakersfield than elsewhere in the STVAB. With attainment of the
NAAQS, the area with residents exposed to concentrations above 15 pg/m’ shrinks substantially
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from that in the baseline period. However, the number of exposures and size of areas where
residents are exposed to concentrations above 12 pg/m’—a level considered more protective of
public health than 15 pg/m’—are quite similar in the baseline and NAAQS attainment cases.

I11.5.3 Exposure Frequency by County, Age Group, and Racial/Ethnic Group

I11.5.3.1 8-hour Daily Maximum Ozone Exposures

The estimated number of exposures to 8-hour daily maximum ozone concentrations
above 70, 85, and 100 ppb are listed in Table I11-4 for the individual counties and for the whole
air basin. The REHEX model estimates 10 million, 69 million, and 235 million person-days of
exposures per year to 8-hour concentrations above 100, 85, and 70 ppb, respectively, in the air
basin in the baseline period. With NAAQS attainment, the estimated person-days of exposures
per year above 85 ppb decrease from 69 million to 293 thousand in the air basin. The estimated
exposures above 70 ppb decrease from 235 million to 34 million with attainment. Zero
exposures to 8-hour ozone above 100 ppb are estimated with NAAQS attainment. The highest
number of exposures to ozone above 85 ppb is estimated to occur in Fresno County where there
are 25 million person-days in the baseline period and 211 thousand person-days with attainment.
These changes represent large reductions in unhealthful ozone exposures.

When these results are normalized by the population, they indicate the average number of
days per year that residents are exposed to ambient concentrations above various thresholds.
Table II1-5 shows that the number of days per year above 100, 85, and 70 ppb 8-hour daily
maximum ozone is estimated as 3, 21, and 70 days for the entire air basin population in 2002-
2004. In Kern and Fresno Counties, residents are estimated to be exposed to more than 85 ppb
8-hour daily maximum ozone concentrations on 31 and 34 days per year on average,
respectively. In contrast, residents of San Joaquin and Stanislaus Counties are estimated to be
exposed to more than 85 ppb 8-hour ozone on 0 and 5 days per year, respectively, in the baseline
period. The average number of days per year with population exposure to 8-hour ozone above
70 ppb in the baseline period is 10, 29, 67, 81, 94, 79, 100, and 106 days in San Joaquin,
Stanislaus, Merced, Madera, Fresno, Kings, Tulare, and Kern Counties, respectively, and 70 in
the air basin, on average. With NAAQS attainment, the average number of days of population
exposure above 85 and 70 ppb is estimated to be less than 1 and 10 days, respectively, for the air
basin population.

Table I11-6 and I11-7 show the number of person-days and days of exposure to the 8-hour
ozone concentration thresholds by age group. Because the age distributions are fairly similar
across the region, the estimated number of days above 70 and 85 ppb is similar for the different
age groups. Even without consideration of human time activity, the model results indicate
children are exposed slightly more frequently than adults over age 30 in the SJVAB. For
example, children under age 5 are exposed to ozone above 70 ppb on 72 days per year compared
to 68 days per year for adults over age 64.

Table II1-8 and I11-9 show the number of person-days and days of exposure to the 8-hour
ozone concentration thresholds by racial/ethnic group. The results show that Hispanics are
exposed more frequently than other racial groups to 8-hour ozone levels above 70 and 85 ppb.
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For example, the estimated number of days above 85 ppb is 18, 19, 20, and 23 days per year for
other races, blacks, whites, and Hispanics, respectively, in the air basin. Spatial differences in
the population racial/ethnic makeup for different counties and within counties are responsible the
differences in exposure frequencies. Figure I11-22 and I1I-23 illustrate the differences in
estimated frequency of exposures by ethnic/racial group within the air basin and by ethnic/racial
group within each county. They show that the ranking of exposure frequencies by ethnic/racial
group varies considerably by county. For example, in Merced and Madera Counties, black and
other non-white racial groups have slightly higher exposure frequencies than whites and
Hispanics.

I11.5.3.2 One-hour, 5-hour, and 24-hour Ozone Exposures

Population exposure to ozone was also estimated for 1-hour and 5-hour daily maxima and
24-hour average for use in the health benefits evaluation. Tables I11-10 through I1I-13
summarize the exposure results for these metrics. The number of person-days of exposure to
5-hour daily maximum ozone concentrations above 90 and 100 ppb was 71 million and
23 million in the baseline period for the SIVAB. With NAAQS attainment, the estimated
number of person-days of exposure drops to 320 thousand and zero above 90 and 100 ppb,
respectively. The number of person-days of exposure to 1-hour daily maximum concentrations
above 100 and 120 ppb was 46 million and 6 million, respectively, in the baseline period and 250
thousand and zero with attainment, respectively. Results are also presented in Table I11-12 for
exposure to the 2-week average 1-hour daily maximum concentrations, which are similar to the
exposure results for the 5-hour daily maximum concentrations. The results suggest residents of
Fresno County have the highest number of person-days of exposure to high 1-hour and 5-hour
daily maximum concentrations in the SJVAB, which is consistent with the results for high 8-
hour daily maximum concentrations.

Many of the concentration-response relati